Diseases caused by fungi pose risks to modern agriculture globally. The most commonly used control is the chemical, but the indiscriminate use of these products causes risks of environmental contamination and of rural workers. In the search for alternative methods of control, essential oils appear, which are natural plant products with antifungal, antibacterial and insecticidal properties, and present less risk to the environment. The objective of this work was to evaluate the in vitro antifungal activity of essential oils on the inhibition of mycelial growth of phytopathogenic fungi. The essential oils of bush avocado (Persea major), rosemary (Rosmarinus officinalis L.), garlic (Allium sativum L.), cinnamom-fire (Cryptocarya aschersoniana Mez.), sassafras cinnamom (Ocotea odorifera Vell.), lemon grass (Cymbopogon citratus), capitiu (Siparuna guianensis Aubl.), India clove (Syzygium aromaticum), guamirim (Myrcia splendens) guava brava (Myrcia tomentosa Aubl.), jatoba (Hymenaea courbaril L.), black peper (Piper nigrum L.), thyme (Thymus vulgaris L.) and annatto (Bixa orellana L.) against fungi Fusarium solani, Pestalotiopsis guepinii, Phytophthora spp., Rhizoctonia solani and Sclerotinia sclerotiorum. The mycelial growth of these fungi was evaluated by means of the Petri dish mycelial growth inhibition index containing the potato, dextrose, agar environment in the concentration of 1,000 μl/mL of the essential oils. The design was completely randomized with three replications. Among the essential oils used, the thyme and India clove promoted complete inhibition of all fungi tested. Garlic essential oil and lemon grass completely inhibited the mycelial growth of three of the five fungi tested. These results demonstrate the importance of the oils for the alternative control of phytopathogens. Cite this article as: Araújo, A.S.Q.; Cordeiro, C.B.; Araújo, E.V.B.; Amorim, R.S.; Faller, B.V.; de Assis Paes, V.L.; Jardim, I.N.; Domingos, D.G.; Júnior, M.A. 2019. Bioprospecting of bioactive essential oils against phytopathogenic fungi. Amaz. Jour. of Plant Resear 3(1): 298-304.
Introduction
Although the focus is small, the statistics are of great economic importance. Crops are attacked through fast-track pathogens such as soybean white mold by Sclerotinia sclerotiorum, root rotten in several crops by Fusarium solani, guava leaf spot (Pestalotiopsis guepinii), cocoa black pod disease caused by three Phytophthora species, and bean root rot by Rhizoctonia solani (Poletto et al., 2007; Khaledi, et al., 2015; Jagana et al., 2018) .
Diseases and pests are responsible for significant production losses of various agricultural crops worldwide. Among the most used control methods are synthetic fungicides, but with high costs and environmental and toxicological risks for farmers . However, the search for environmental preservation together with greater ecological awareness has motivated the need to test natural products, mainly of plant origin, aiming at the alternative control of phytopathogens (Venturoso et al., 2011) .
Products derived from plant secondary metabolism are potentially useful for the development of new products capable of circumventing the problems mentioned above. Many plants with fungicidal or fungistatic potential have been studied for use in plant disease control, as well as raw material for the formulation of new alternative products (Garcia et al., 2012) . Among these plants Persea major, Rosmarinus officinalis L., Allium sativum L., Cryptocarya aschersoniana Mez., Ocotea odorifera Vell., Cymbopogon citratus, Siparuna guianensis Aubl., Syzygium aromaticum, Myrcia splendens, Myrcia tomentosa Aubl., Hymenaea courbaril L., Piper nigrum L., Thymus vulgaris L. and Bixa Orellana L. (Passone et al., 2012; Andrade et al., 2013; Silva et al., 2014; Alves et al., 2015; Sa et al., 2017) . Little is known about the effect of the essential oils obtained from these medicinal species on the aforementioned fungi. Thus such information may be useful for alternative control of some diseases and future development of new products. In this context, science has sought alternative methods for disease control, so that it can reduce the amount of pesticides used, reducing environmental impacts and thus ensuring a better quality of life for the population. Current research has shown that the use of essential oils in general is promising in controlling plant disease (Venturoso et al., 2011; Passone et al., 2012) .
Given the above, the objective of this paper was to evaluate in vitro the antifungal activity of essential oils such as Persea major, Rosmarinus officinalis L., Allium sativum L., Cryptocarya aschersoniana Mez., Ocotea odorifera Vell., Cymbopogon citratus, Siparuna guianensis Aubl., Syzygium aromaticum, Myrcia splendens, Myrcia tomentosa Aubl., Hymenaea courbaril L., Piper nigrum L., Thymus vulgaris L. and Bixa Orellana L. on inhibition of mycelial growth of phytopathogenic fungi such as S. sclerotiorum, F. solani, P. guepinii, Phytophthora sp., and R. solani.
Material and methods
The experiment was conducted at the Agricultural and Forest Plant Pathology Laboratory (LABFITO) from the Faculty of Agronomic Engineering of the Federal University of Pará (UFPA), Altamira University Campus, from January to June of 2019. The essential oils were extracted and supplied by the Laboratory of Medicinal Plants of the Faculty of Forest Engineering of UFPA.
The phytopathogenic fungi used are part of the LABFITO fungi collection, except for F. solani and S. sclerotiorum that were assigned from the collection of phytopathogens of the Federal University of Lavras (UFLA-MG) and were preserved in inclined Potato, Dextrose, Agar (BDA).
The isolated ones were picked from the slant tube for BDA medium-containing Petri dishes and placed in an incubator B.O.D. type to 28°C ± 1°C under light alternation provided by fluorescent lamps (12h light/12h dark) for 7 days.
In natura (1.000g) Plant material of the plant species was ground in a blender with distilled water and subjected to hydro distillation using a modified Clevenger type apparatus.
An average of 13mL of BDA environment per Petri dish was used for the experiment and the oil already diluted with solvent to 0.01g.mL -1 Tween 80 was added to the environment. The standard final concentration of the oils used in the culture environment was 1.000 µg.mL -1 for each treatment. After addition of culture environment in Petri dishes (Ø = 9cm) was added to the center of each, a mycelium disc (Ø = 5mm) taken from the edges of the plates with the growing fungus. Two controls were used, BDA plus Tween 80 at 0.01g.mL -1 and only half BDA, both with the mycelium disc (Ø = 5mm) taken from each fungus. The experiment was run completely randomly and with a single factor (essential oil activity test) with three replicates for each treatment (Sarkhosh et al., 2018) .
The treatments were incubated in a B.O.D. type to 28°C ± 1°C with mycelial growth evaluation started 24 hours after inoculation, being performed twice a day. Measurement of mycelial growth in diameter was performed using a scalimeter. The measurement was terminated when mycelial growth in the control plates reached the entire surface of the culture environment (Ø = 9cm). With the daily average of the results obtained, the mycelial growth inhibition index for each oil in relation to the control was calculated from the formula:
According to the methodology adopted by Garcia et al. (2012) .
After the end of the experiment, the mycelium discs, which did not develop were removed from the Petri dishes with essential oil and placed in a plate with BDA environment. This procedure aimed to verify the fungistatic or fungitoxic effect of the essential oil.
The experimental design was completely randomized with 14 treatments (essential oils) and three replications per treatment. Data were subjected to analysis of variance and Scoot-knott test at 5% probability using the Sisvar program (Ferreira, 2011) .
Results and discussion
The present study was conducted to evaluate fourteen essential oils at the standard final concentration of 1.000µg.ml -1 against five phytopathogenic fungi. Based on the results obtained (Table 1) , the essential oils of T. vulgaris and S. aromaticum inhibited 100% mycelial growth of all fungi tested (Figure 1a-d) .
Similar results found by Banani et al. (2018) report that the T. vulgaris inhibited by 85% the mycelial growth of Botrytis cinerea in several apple cultivars in relation to control. For Adorjan e Buchbauer (2010) this antifungal activity is due to its main components being thymol and carvacrol, as these compounds contain antifungal action. These results prove the promising potential of oil extracted from this plant for pathogen control.
The in vitro efficiency essential oils of eight plant species, including the T. vulgaris has been tested at application rates of 100, 250, 500, 1.000 and 2.000 µl.l -1 and the results showed a 100% reduction in mycelium growth from Colletotrichum sp., Fusarium sp., Phytophthora sp., Botryosphaeria sp. at all concentrations (Sarkhosh et al. 2018 ), similar to the results obtained in this work.
The essential oil of S. aromaticum inhibited 100% of phytopathogens (Table 1, Fig. 1c-d) , showing broad spectrum antimicrobial activity due to the constituents of its composition. In works performed by Ayoola et al. (2008) the extract was the most active in inhibiting the isolated Enterobacter cloacae and Escherichia coli in concentration of 3,5 mg.ml -1 . For Donnarumma et al. (2015) this antimicrobial activity is due to its composition being characterized by the presence of eugenol in 69% of the total oil, and terpinene -4-ol (6%). Passone and collaborators (2012) , report that the S. aromaticum in concentration of 1.500 µl -1 caused the complete inhibition of growth of all values tested against Aspergillus flavus strains. Similar results were found by Jagana et al. (2018) that promoted complete inhibition of the pathogen Colletotrichum musae at all tested concentrations (0,5; 1,0 e 2,0%).
Several works performed with essential oils have been obtaining excellent results, as is the case of oil extracted from C. citratus which presented 100% inhibitory activity in the mycelial growth of three of the phytopathogens as in Rhizoctonia solani, Sclerotinia sclerotiorum and Pestalotiopsis guepinii and also inhibited the development of Fusarium solani and Phytophthora spp. in 82% and 49% respectively. Results obtained by Jagana et al. (2018) report that the C. citratus essential oil inhibited in vivo the anthracnose growth in bananas, being the most effective treatment at a concentration of 2.0% that exhibited a 92% disease reduction. Silva et al. (2014) also observed inhibitory action in vitro being toxic on growth of pathogen Pseudomonas syringae pv. tomato in concentrations from 1% and 10% with essential oil of C. citratus.
In the present work results were presented as shown in Table 1 , where the essential oil of A. sativum L. inhibited in 100% three of the phytopathogens studied, the R. solani, S. sclerotiorum and F. Solani. Results obtained by Alves et al. (2015) demonstrate that the aqueous extract of A. sativum L. at a concentration of 6% provided a reduction of more than 97% in the severity of anthracnose caused by Colletotrichum acutatum in chili fruits under controlled conditions. Authors like Negreiros et al. (2013) report that the essential oils of A. sativum L. at 10 ml.l -1 was efficient in postharvest treatment for the control of anthracnose caused by the Colletotrichum musae pathogen reducing disease severity up to 16 days, equaling the control effect with thiabendazole fungicide. In the results obtained in this work it was possible to observe similar antifungal activity in relation to Myrcia splendens, Myrcia tomentosa and Siparuna guianensis with an inhibition rate above 50% of mycelial growth for most of the fungi tested (Table 1) . Thus proving to be promising for future experiments. Thus Scio et al. (2012) observed that the methanolic leaf extract of these species has high antioxidant potential that is associated with the presence of polyphenolic compounds in the extract, presenting promising results regarding the antimicrobial potential.
The antifungal activity of the mirtaceae family has been reported by some authors as Cerqueira et al. (2007) and Zabka, et al. (2014) especially as regards the compounds of their essential oils, but there is little work on the antifungal potential of Myrcia splendens. However, methanolic extracts of leaves of M. splendens showed no inhibitory activity on fungi Candida albicans and Cryptococcus neoformans (Scio et al., 2012) .
Due to the efficiency of the essential oils of Myrcia splendens, Myrcia tomentosa Aubl. and Siparuna guianensis, where inhibited in 50% of most phytopathogens tested, future studies are necessary where the combination of essential oils should be done as in the work done by Bortolotto et al. (2018) , where they claim that the combination of essential oils can have synergistic effects between their components as studied in the case of allyl isothiocyanate and essencial oil of A. sativum, these compounds are constituents of the aforementioned oils, cinnamaldehyde/eugenol, thymol/eugenol, carvacrol/eugenol and thymol/carvacrol (Pei et al., 2009) .
In a study of Sa et al. (2017) isolated and identified sesquiterpenes (α-bisabolol, bisabolol B oxide and α-cadinol), hydrocarbons (n-pentacosane and n-tetracosane), the steroid (β-sitosterol) and the flavonoids (quercetin, kaempferol, guaijaverine), This study enabled the isolation of substances responsible for the antimicrobial activity of Myrcia tomentosa. Al-Ja'fari et al. (2011) confirm that these same compounds have antifungal activity, and were used against three yeast and five fungal strains, with a moderate result, but the author believes that a different fraction should be done in further studies by adding other compounds to exhibit better antimicrobial activity (Sa et al., 2017; al-Ja'fari et al., 2011) .
In results obtained by Andrade et al. (2016) , the essential oil of Siparuna guianensis presented inhibitory activity on growth of the form of promastigotes of Leishmania amazonenses in concentrations from 49 to 500 μg.ml -1 . In the present work the results obtained were promising, close to and above 50% inhibition of the phytopathogens tested.
The oil of H. courbaril, Although it did not inhibit the mycelial growth of phytopathogenic fungi by 100%, it altered the morphology of the fungi (Fig.  1e ). Works such as Costa et al. (2011) evaluated the effect of the essential oil of S. aromaticum on the hyphae of Rhizoctonia solani, observed different morphological alterations, such as the presence of vacuoles, disorganization of cell contents, decrease in cell wall sharpness, intense fragmentation and less hyphae turgidity. Corroborating the results obtained in the present where visually the essential oil of H. courbaril altered pathogen morphology Phytophthora spp., related to color and appearance of halos.
Conclusion
The essential oils of Thymus vulgaris and Syzygium aromaticum showed antifungal activity completely inhibiting the growth of the phytopathogens tested.
The essential oils of Allium sativum and Cymbopogon citratus developed promising antifungal activity, inhibiting mycelial growth of 50% of the phytopathogens tested.
Our results indicate four essential oils that can be used in biocontrol experiments, either alone or in combination as a way to increase the effect and ensure effectiveness in future experiments.
